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(54) Voltage-controlled oscillator with automatic center frequency calibration 



(57) A voltage-controlled oscillator with automatic 
center frequency calibration. The frequency range 
(FOUT) of the oscillator is increased because of the 
presence of a switchable capacitor arrangement (SCA) 
which add or remove extra capacitors (XC1 ; XC2) in par- 
allel with the variable capacitor (CV) of the resonant cir- 
cuit (CV, L). Different voltage versus frequency charac- 
teristics (CHL, CHM, CHH) are so obtained. The control 
of the switchable capacitor arrangement is performed 
by a control signal provided (SC) by an oscillator control 
device (OCD). 

The control device also sends a reset pulse (RES) 
to a feedback device (FB) when a control voltage (VC- 
TRL) reaches predetermined low (VTL) or high (VTH) 
voltage limits of the characteristics. With this reset 
pulse, the control voltage is reset to an intermediate volt- 
age (VTM) in the middle of the range between the low 
and the high voltage limits. By resetting the control volt- 
age, the output frequency is also brought to an average 
value, i.e. is centered. 

The voltage-controlled oscillator also preferably 
comprises a selection device (MX) adapted to immedi- 
ately change the value of the control voltage to the in- 
termediate voltage. The selection device operates fast- 
er than the feedback device. 

In a preferred embodiment, memory cells are pro- 
vided to store control signals corresponding to different 
output frequencies, i.e. channels of a mobile telecom- 
munication system such as the GSM. The stored control 
signals are applied to the switchable capacitor arrange- 
ment to improve the jump to a steady state of the volt- 
age-controlled oscillator, e.g. starting from power-down. 
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Description 

[0001 ] The present invention reiates to a voitage-con- 
trolled oscillator including an oscillator arrangement with 
a control input, an output terminal and a variable capac- 
itor, said oscillator arrangement being adapted to pro- 
vide, at said output terminal, an output signal having a 
frequency that is a function of the value of said variable 
capacitor, said value being controlled by a control volt- 
age applied to said control input. 
[0002] Such a voltage-controlled oscillator is already 
known in the art. It generally forms part of a Phase 
Locked Loop [PLL] arrangement wherein the frequency 
of the output signal has to be selected within a relatively 
large frequency range. This is for instance the case 
when the voltage-controlled oscillator is used in mobile 
telecommunication systems and if different transmis- 
sion protocols, such as the known Global System for 
Mobile communications [GSM] at 900 MHz and Digital 
Enhanced Cordless Telecommunications [DECT] or 
Digital CrossConnect System [DCS] in the 1,800 MHz 
frequency band, have to be covered by a same circuit. 
Since the frequency is dependent of the control voltage, 
the latter must then also be able to vary within a rela- 
tively large voltage range. 

[0003] Furthermore, due to variations in the process- 
ing technology, the frequency of the output signal may 
shift, for a same control or tuning voltage, from the de- 
sired one by a large amount. Here again, a solution of 
using a large tuning range requires a high supply voltage 
and/or an abrupt variable capacitor or "varicap". A large 
tuning range results in a large sensitivity of the voltage- 
controlled oscillator, which severely influences the sur- 
rounding parts of the PLL arrangement. 
[0004] The trend is now however to reduce the supply 
voltage in order to reduce accordingly the production 
cost. Low supply voltage means a reduction of the 
number of batteries and allows using "deep submicron 
technology 0 that permits to reduce the production cost 
but that can not accept high supply voltages because of 
risks of break-down. 

[0005] A problem rising with the reduction of the sup- 
ply voltage is that a single voltage-controlled oscillator 
may then no longer reach the limits of the requested fre- 
quency range. 

[0006] A possible solution is to design and fabricate 
several voltage-controlled oscillators with "center" fre- 
quencies shifted by a certain amount. A center frequen- 
cy is the frequency at which the voltage-controlled os- 
cillator should normally operate and that preferably cor- 
responds to a control voltage having an average value, 
i.e. in the middle of the supply voltage range. Only the 
voltage-controlled oscillators having the correct fre- 
quency, under the actual technology characteristics, 
should then be selected and activated. However, such 
a solution is avoided because of the relatively high cost 
of the components and results in a non-efficient proc- 
ess. 
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[0007] Another possible solution is to perform a digital 
calibration of the center frequency with a factory trim- 
ming. However, digital factory calibration is costly and 
does not cover variations over the products lifetime. 

5 [0008] An object of the present invention is to provide 
a voltage-controlled oscillator of the known type but 
adapted to operate with a relatively low power supply, 
while allowing a large operational frequency range and 
keeping the production cost low. 

10 [0009] According to the invention, this object is 
achieved due to the fact that said voltage-controlled os- 
cillator further includes a calibration device andaswitch- 
able capacitor arrangement, said calibration device 
comprising a comparator arrangement coupled to an os- 

15 cillator control device and said switchable capacitor ar- 
rangement comprising a plurality of switches coupled to 
capacitors, that said comparator arrangement has a first 
input to which said control voltage is applied, at least a 
second input to which a predetermined reference volt- 

20 age is applied, and an output connected to a level input 
of said oscillator control device, that said oscillator con- 
trol device has a control output coupled to switch control 
inputs of said switches, said switches being adapted to 
connect and to disconnect at least one of said capacitors 

25 of said switchable capacitor arrangement in parallel to 
said variable capacitor, and that, in order to control said 
switches, said oscillator control device is adapted to ac- 
tivate a control signal at said control output if a signal 
received at said level input indicates that said control 
30 voltage has reached said predetermined reference volt- 
age. 

[0010] In this way, when the control voltage reaches 
the predetermined reference voltage, the fact of adding 
or removing capacitors in parallel with the variable ca- 

35 pacitor of the oscillator arrangement makes the frequen- 
cy to jump towards another control voltage versus fre- 
quency characteristic. As a result, in function of the 
number of capacitors branched in parallel with the var- 
iable capacitor of the oscillator arrangement, different 

40 frequencies may be obtained for a same control voltage. 
This allows to increasing the frequency range of a single 
voltage-controlled oscillator at relatively low cost and is 
especially useful in low power supply applications. 
[0011] Another characterizing embodiment of the 

45 present invention is that said voltage-controlled oscilla- 
tor further includes a feedback device having a feedback 
input to which said output terminal is connected and a 
feedback output at which said feedback device is adapt- 
ed to provide said control voltage, that said feedback 

so device further has a feedback control input to which a 
reset output of said oscillator control device is connect- 
ed, said oscillator control device being adapted to apply 
a reset pulse to said reset output when said control sig- 
nal is activated, and that said feedback device is adapt- 
55 ed to provide, at said feedback output, said control volt- 
age as a function of the frequency of a signal at said 
feedback input when no reset pulse is received from 
said oscillator control device, and to provide said control 
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voltage equal to a predetermined middle reference volt- 
age when a reset pulse is received from said oscillator 
control device. 

[0012] When the control voltage changes, say in- 
creases, the frequency of the output signal also increas- 
es according to a control voltage versus frequency char- 
acteristic of the voltage-controlled oscillator. When the 
control voltage reaches the predetermined reference 
voltage, the control signal is activated by the oscillator 
control device and causes the frequency to jump to an- 
other control voltage versus frequency characteristic, i. 
e.to another frequency value. This new frequency value 
is then generally higher than the requested frequency. 
This is for instance the case where the control voltage 
is used for fine-tuning purposes. As a consequence, the 
control voltage, being then anyway to high and not al- 
lowed to increase anymore, needs to be decreased to 
obtain the correct frequency value. The oscillator control 
device applying a reset pulse to the reset output when 
the control signal is activated performs this. This forces 
the feedback device to provide a control voltage equal 
to the predetermined middle reference voltage. This 
new control voltage is lower than the previous one so 
that it may again increase thereby increasing the fre- 
quency of the output signal. 

[0013] Preferably, said predetermined middle refer- 
ence voltage has an intermediate value between said 
predetermined low reference voltage and said predeter- 
* mined high reference voltage. 

[0014] The predetermined middle reference voltage is 
thus generally a voltage in the middle of the supply volt- 
age range. This allows the frequency to be changed in 
both directions, i.e. up or down, starting from an average 
value. 

[0015] In a variant embodiment, the present invention 
is characterized in that said voltage-controlled oscillator 
further includes a selection device having a first selec- 
tion input to which said control voltage is applied, a sec- 
ond selection input to which a predetermined middle ref- 
erence voltage is applied, a selection output connected 
to the control input of said oscillator arrangement, and 
a selection control input to which the reset output of said 
oscillator control device is connected, and that said se- 
lection device is adapted to connect said first selection 
input to said selection output if no reset pulse is received 
at said selection control input, and to connect said sec- 
ond selection input to said selection output if said reset 
pulse is received. 

[0016] This improves the speed of the transfer from 
one characteristic to another with a reduced frequency 
jump during the change of the control voltage from the 
predetermined reference voltage to the predetermined 
middle reference voltage by the feedback device under 
control of the activated control signal. This is also useful 
during a startup phase of the voltage-controlled oscilla- 
tor. The voltage-controlled oscillator then starts operat- 
ing with a control voltage in the middle of the supply volt- 
age range. This is called "automate center frequency 



calibration" and allows the control voltage to be modified 
for a same amount up and down from the middle or cent- 
er frequency. 

[0017] In case of use in a mobile telecommunication 

s system as mentioned above, the present voltage-con- 
trolled oscillator may further be associated with an ex- 
ternal channel controller adapted to control said output 
signal at said output terminal to have a frequency se- 
lected amongst a plurality of predetermined frequen- 

10 cies : said oscillator control device then includes a mem- 
ory arrangement comprising a plurality of memory cells 
each storing a control signal, said external channel con- 
troller being adapted to control, via a memory control 
input of said oscillator control device, said memory ar- 

15 rangement to provide, at said control output, one of the 
control signals stored in said memory cells, and said 
feedback device then including a frequency divider 
adapted to perform a division of the frequency of the out- 
put signal received at said feedback input by a value 

20 provided by said external channel controller via a control 
terminal of said feedback device, said feedback device 
being adapted to provide said control voltage as a func- 
tion of the result of said division. 

[0018] Knowing that in a mobile telecommunication 
25 system, such as the GSM, the transmission frequency 
range is divided into a plurality of channels, different fre- 
quencies are requested at the output of the voltage-con- 
trolled oscillator. Each of these frequencies correspond 
to a particular channel for which a particular control sig- 
30 nal is stored in the memory arrangement and which cor- 
responds to a number or value provided to the frequency 
divider. In this way, when a particular channel is select- 
ed, the associated control signal is immediately provid- 
ed to the switchable capacitor arrangement for operat- 
es ing the suitable switches. The voltage-controlled oscil- 
lator will then immediately switch towards the correct 
characteristic even when starting from a power-down 
status. 

[0019] In a preferred embodiment, the present inven- 
40 tion is further characterized in that said oscillator control 
device includes a learning algorithm module adapted to 
update the control signals stored in said memory cells 
according to a selection signal received from said exter- 
nal channel controller. 
45 [0020] This optimizes the speed for reaching the cor- 
rect frequency when a particular channel or frequency 
is selected. 

[0021 ] The present invention also relates to a method 
to adjust a control voltage of a voltage-controlled oscil- 
50 lator wherein the frequency of an output signal is a func- 
tion of said control voltage, said method comprising the 
step of applying said control voltage to a variable capac- 
itor of an oscillator arrangement. 

[0022] Such a method is already known in the art and 
55 is for instance used in the known voltage-controlled os- 
cillators mentioned above. If the method is so used, the 
same problems as described above will arise and no 
suitable solution is known. 
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[0023] Another object of the present invention is to 
provide a method adapted to operate a voltage-control- 
led oscillator with a relatively iow power suppiy, while 
allowing a large operational frequency range and keep- 
ing the production cost low. 

[0024] According to the invention, this object is 
achieved due to the fact that the present method further 
comprises steps of comparing said control voltage with 
a predetermined reference voltage, and of controlling 
the coupling of a capacitor in parallel to said variable 
capacitor when said control voltage reaches said pre- 
determined reference voltage. 

[0025] In this way, when the control voltage reaches 
the predetermined reference voltage, the fact of cou- 
pling : i.e. adding or removing, a capacitor in parallel with 
the variable capacitor of the oscillator arrangement 
makes the frequency to jump to another value. As a re- 
sult, different frequencies may be obtained for a same 
control voltage and a large frequency range may be 
achieved with a reduced voltage range for the control 
voltage. 

[0026] Another characterizing embodiment of the 
present invention is that the method further comprises 
a step of resetting said control voltage to a predeter- 
mined middle reference voltage when said predeter- 
mined reference voltage is reached. 
[0027] When the control voltage changes, say de- 
creases, until reaching the predetermined reference 
voltage, the frequency jumps to another value. This new 
frequency value is lower but corresponds to a control 
voltage that is not allowed to decrease anymore. By re- 
setting the control voltage to the predetermined middle 
reference voltage which is preferably a voltage in the 
middle of the supply voltage range, and thus lower than 
the actual control voltage, the latter may again de- 
crease, thereby allowing again the frequency to be mod- 
ified in any direction, i.e. higher or lower. 
[0028] It is to be noted that the present method is par- 
ticularly suited to be applied in the above voltage-con- 
trolled oscillator according to the invention. 
[0029] Further characterizing embodiments of the 
present voltage-controlled oscillator, preferably with an 
automatic center frequency calibration as mentioned 
above, and of the method to adjust the control voltage 
thereof are mentioned in the appended claims. 
[0030] It is to be noticed that the term 'comprising', 
used in the claims, should not be interpreted as being 
restricted to the items listed thereafter. Thus, the scope 
of the expression 'a device comprising items A and B* 
should not be limited to devices consisting only of com- 
ponents A and B. It means that with respect to the 
present invention, the only relevant components of the 
device are A and B. 

[0031] Similarly, it is to be noticed that the term 'cou- 
pled', also used in the claims, should not be interpreted 
as being restricted to direct connections only. Thus, the 
scope of the expression 'a device A coupled to a device 
B' should not be limited to devices or systems wherein 



an output of device A is directly connected to an input 
of device B. It means that there exists a path between 
an output of A and an input of B which may be a path 
including other devices, arrangements and/or means. 
5 [0032] The above and other objects and features of 
the invention will become more apparent and the inven- 
tion itself will be best understood by referring to the fol- 
lowing description of an embodiment taken in conjunc- 
tion with the accompanying drawings wherein: 

10 

Fig. 1 represents a voltage-controlled oscillator with 
automatic center frequency calibration according to 
the invention; 

Fig. 2 shows different control voltage versus fre- 
ts quency characteristics of the voltage-controlled os- 
cillator of Fig. 1 ; and 

Fig. 3 represents a variant of the voltage-controlled 
oscillator of Fig. 1 with a selection device MX to im- 
prove the switching speed. 

20 

[0033] The voltage-controlled oscillator shown at Fig. 
1 includes an oscillator arrangement OA comprising an 
oscillator OSC having an output terminal VOUT at which 
a like named output signal is provided. The frequency 

25 of the output signal VOUT is determined by a control or 
tuning voltage VCTRL applied to a control input OIN of 
the oscillator OSC. To provide the output signal VOUT 
at a predetermined frequency, the oscillator arrange- 
ment OA comprises a resonant circuit formed by the par- 

30 allel connection of an inductance L and a variable ca- 
pacitor or "varicap' CV. This resonant circuit is coupled 
to the oscillator OSC in order to operate therewith. The 
value of the variable capacitor CV is controlled in an an- 
alog way by the control voltage VCTRL that is derived 

35 from the frequency of the output signal VOUT by a feed- 
back device FB, also included in the present voltage- 
controlled oscillator. 

[0034] The feedback device FB has an input CIN to 
which the output terminal VOUT is connected and an 

40 output COUT at which the control voltage VCTRL is pro- 
vided as a function of the frequency of the output signal 
VOUT as will be explained in more detail later. 
[0035] Some operational characteristics CHL, CHM, 
CHH of control voltage VCTRL versus frequency FOUT 

.45 of the output voltage VOUT of the voltage-controlled os- 
cillator are represented at Fig. 2. These characteristics 
correspond to different capacitor values of the resonant 
circuit of OA. Therein appears that the control voltage 
VCTRL is allowed to vary within a predetermined volt- 

50 age range from a low reference voltage VTL up to a h igh 
reference voltage VTH. According to the value of the ca- 
pacitor coupled to the oscillator OSC, the frequency 
FOUT varies along one of the characteristics CHL, CHM 
or CHH as will be explained in more detail below. 

55 [0036] In order to increase the frequency range 
wherein the frequency FOUT is allowed to vary, without 
increasing the voltage range wherein the control voltage 
VCTRL is allowed to be, a calibration device CD is add- 
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ed to the voltage-controlled oscillator. The calibration 
device CD includes two comparators CPL and CPH as 
well as an oscillator control device OCD. 
[0037] On the one hand, the comparator CPL is a low 
limit comparator comprising a differential amplifier hav- 
ing an inverting input - at which the control voltage VC- 
TRL is applied and a non-inverting input + at which the 
low reference voltage VTL is applied. An output of the 
comparator CPL is connected to a low level input LO of 
a detection circuit D ET forming part of the oscillator con- 
trol device OCD. On the other hand, the comparator 
CPH is a high limit comparator also comprising a differ- 
ential amplifier having a non-inverting input + at which 
the control voltage VCTRL is applied and an inverting 
input - at which the high reference voltage VTH is ap- 
plied. An output of the comparator CPH is connected to 
a high level input HI of the detection circuit DET of the 
oscillator control device OCD. 

[0038] When the control voltage VCTRL reaches one 
of the limits of the voltage range, i.e. either the lower 
limit VTL or the upper limit VTH, a signal is provided at 
a corresponding level input LO or HI of the detection cir- 
cuit DET by one of the comparators CPL or CPH respec- 
tively. The detection circuit DET then activates a control 
signal and provides it at a detector control output SC of 
the oscillator control device OCD. 
[0039] This detector control output SC is connected 
to control inputs of a switchable capacitor arrangement 
SCA also included in the voltage-controlled oscillator. 
The switchable capacitor arrangement SCA is provided 
with one or more switchable capacitor circuits coupled 
- in parallel, each switchable capacitor circuit comprising 
the series connection of a switch SW1 , SW2 and a ca- 
pacitor XC1 , XC2. The switchable capacitor arrange- 
ment SCA shown at Fig. 1 comprises two switchable ca- 
pacitor circuits SW1 , XC1 and SW2, XC2 connected in 
parallel with the resonant circuit of the oscillator ar- 
rangement OA. In this way, the switchable capacitor cir- 
cuits are connected in parallel across the variable ca- 
pacitor CV. 

[0040] To further explain the action of the oscillator 
control device OCD and of the switchable capacitor ar- 
rangement SCA on the operation of the voltage-control- 
led oscillator, we will consider that a first switchable ca- 
pacitor circuit, say SW1, XC1, is operational, i.e. with 
the switch SW1 closed, whilst a second switchable ca- 
pacitor circuit SW2, XC2 has its switch SW2 open and 
its capacitor XC2 has thus no effect on the resonant cir- 
cuit L, CV. This situation will correspond the character- 
istic CHM at Fig. 2. 

[0041] As long as the control voltage VCTRL remains 
within the limits of VTL and VTH, no control signal is 
activated by the detection circuit DET of the oscillator 
control device OCD. The oscillator OSC operates then 
along the characteristic CHM with, as resonant circuit, 
the parallel connection of the inductance L, the variable 
capacitor CV and the capacitor XC1 . 
[0042] If, for instance, the control voltage VCTRL in- 



8 

creases, the frequency FOUT also increases. When the 
control voltage VCTRL reaches the high reference volt- 
age VTH corresponding to a frequency FHM of the out- 
put signal VOUT, the comparator CPH detects that sit- 

5 uation and sends a signal to the high level input HI of 
the detection circuit DET In response to this signal, a 
control signal is activated at the control output SC of the 
oscillator control device OCD in order to open the switch 
SW1 of the first switchable capacitor circuit. By opening 

10 the switch SW1 , the first capacitor XC1 becomes dis- 
connected from the actual resonant circuit, of which the 
capacitive value is thereby decreased since only the 
variable capacitor CV remains in parallel with the induct- 
ance L. As a result, the control voltage versus frequency 

*5 characteristic of the voltage-controlled oscillator be- 
comes CHH instead of CHM. The frequency is then im- 
mediately increased from FHM to FHH because of the 
jump from the characteristic CHM to the characteristic 
CHH for a same control voltage equal to VTH. 

20 [0043] If, on the contrary, starting again from the char- 
acteristic CHM, the control voltage VCTRL decreases, 
the frequency FOUT also decreases. When the control 
voltage VCTRL reaches the low reference voltage VTL, 
the comparator CPL detects that situation and sends a 

25 signal to the low level input LO of the detection circuit 
DET. In response to this signal, the oscillator control de- 
vice OCD activates a control signal at its control output 
SC in order to close the switch SW2 of the second 
switchable capacitor circuit. By closing the switch SW2, 

30 the second capacitor XC2 becomes connected in par- 
allel to the actual resonant circuit, of which the capaci- 
tive value is thereby increased to CV + XC1 + XC2. As 
a result, the control voltage versus frequency character- 
istic of the voltage-controlled oscillator becomes CHL 

35 instead of CHM. The frequency is then immediately de- 
creased from FLM to FLL because of the jump from the 
characteristic CHM to the characteristic CHL for a same 
control voltage equal to VTL. 

[0044] Owing to the two parallel switchable capacitor 
40 circuits of the capacitor arrangement SCA coupled over 
the resonant circuit L, CV of the oscillator arrangement 
QA, the frequency range of VOUT is increased up to 
limits going from the lowest frequency FLL of the char- 
acteristic CHL to the highest frequency FHH of the char- 
45 acteristic CHH instead of remaining within the limits of 
only one of these characteristics, e.g. between FLM and 
FHM on CHM. 

[0045] It is to be noted that after a "digital" jump from 
one characteristic to another e.g. from CHM to CHH in 

so case of an increasing control voltage VCTRL, the latter 
voltage is no longer allowed to increase, but may still 
decrease, while in case of a decreasing control voltage 
VCTRL and a digital jump from CHM to CHL, the control 
voltage VCTRL is no longer allowed to decrease, but 

55 may still increase. Furthermore, this digital change of 
characteristic causes an abrupt jump on the smooth an- 
alog frequency progression along a single characteris- 
tic, which in some application, such as for instance for 



EP 1 193 875 A1 



BNSDOCID: <EP 1193875A1J_> 



EP 1 193 875 A1 



10 



fine-tuning, is unwanted. 

[0046] The present voltage-controlled oscillator is 
therefore preferably provided with an automatic center 
frequency calibration which, by a digital frequency jump, 
resets the control voltage VCTRL in the middle of the 
allowed voltage range thereby also resetting the fre- 
quency FOUT in the middle of the new characteristic. 
[0047] To this end, the oscillator control device OCD 
is provided with a reset output RES whereat a like- 
named reset pulse is provided when a control signal is 
activated at the control output SC. The reset output RES 
is connected to a control input CT2 of the feedback de- 
vice FB. If, for instance, the control voltage VCRTL, 
moving upwards on the characteristic CHM, has 
reached the high reference voltage VTH, a reset pulse 
is sent by the oscillator control device OCD to the feed- 
back device FB via the respective terminals RES and 
CT2. Upon reception of the reset pulse, the feedback 
device FB changes the control voltage VCTRL, at its 
output COUT, from the high reference voltage VTH to a 
middle reference voltage VTM. This middle reference 
voltage VTM preferably has an intermediate or average 
value between the low reference voltage VTL and the 
high reference voltage VTH. The middle reference volt- 
age VTM is preferably also in the middle of the supply 
voltage range. Owing to the new control voltage VCTRL 
being equal to the middle reference voltage VTM on the 
characteristic CHH, the frequency FOUT of the output 
signal VOUT has changed from FHM at the upper limit 
of the characteristic CHM to FMH in the middle of the 
characteristic CHH, instead of being changed abruptly 
to FHH. As can be seen at Fig. 2, the frequencies FHM 
and FMH are chosen to be substantially equal. As a re- 
sult, the control voltage VCTRL may continue to in- 
crease on the characteristic CHH and there is no longer 
a frequency jump during the increase of VCTRL first on 
CHM and then on CHH. 

[0048] The reset of the control voltage VCTRL to- 
wards the middle of the control voltage versus frequency 
characteristic of the voltage-controlled oscillator is 
called "automatic center frequency calibration". This re- 
set, bringing the control voltage VCTRL at an interme- 
diate value VTM, further also allows the frequency 
FOUT to be changed again in both directions, i.e. up or 
down on the characteristic CHH, starting from the aver- 
age or middle value FMH. 

[0049] In a variant embodiment of the present volt- 
age-controlled oscillator, shown at Fig. 3, the transition 
speed of the control voltage VCTRL from a limit value 
such as VTH to the middle value VTM is further im- 
proved owing to the addition of a selection device MX. 
The selection device MX has a first input to which the 
control voltage VCTRL, from the feedback output 
COUT, is applied, and has a second input to which the 
middle reference voltage equal to VTM is applied. An 
output of the selection device MX is connected to the 
control input OIN of the oscillator OSC. MX is further 
provided with control input CT1 to which the reset output 



RES of the oscillator control device OCD is connected. 
By default, i.e. without reset pulse received, the first in- 
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so the control voltage VCTRL directly to the control input 
5 OIN of the oscillator OSC as in the embodiment shown 
at Fig. 1 . 

[0050] Owing to this improvement, which also reduc- 
es the already small frequency jump from FHM to FMH , 
either the control voltage VCTRL or the middle refer- 
w ence voltage equal to VTM may be applied to the control 
input OIN of the oscillator OSC according to the pres- 
ence or not of a reset pulse RES at the control input CT1 
of the selection device MX. When such a reset pulse 
RES is sent by the oscillator control device OCD, the 
is second input of MX is selected and the middle reference 
voltage VTM if- immediately applied to the control input 
OIN instead of the control voltage VCTRL. As a result, 
the frequency FOUT of the output signal VOUT is im- 
mediately changed from FHM to FMH. The duration of 
20 this relatively fast operation corresponds to the time 
needed by the feedback device FB to change the control 
voltage VCTRL at its output COUT from VTH to VTM. 
This is also useful during a startup phase of the voltage- 
controlled oscillator. Indeed, owing to the presence of 
25 the selection device MX, the voltage-controlled oscilla- 
tor always starts operating with a control voltage in the 
middle of the supply voltage range. 
[0051] The present voltage-controlled oscillator is al- 
so particularly suited for mobile telecommunication ap- 
30 plications such as for the Global System for Mobile com- 
munications GSM. The GSM system uses 1 25 channels 
of 200 kHz each, distributed over the frequency range 
of 935 MHz to 960 MHz. The use of the channels is con- 
trolled by an external channel controller DSP as shown 
35 in the Figs. 1 and 3. Each channel corresponds to a par- 
ticular frequency of the output signal VOUT. 
[0052] According to the above, each channel may be 
associated to a particular characteristic, for instance to 
characteristics such as CHH, CHM or CHL shown at Fig. 
40 2. To this end, each channel also corresponds to a par- 
ticular position of the switches in the switchable capac- 
itor arrangement SCA, and these positions are control- 
led by the control signal at the control output SC of the 
oscillator control device OCD. The 125 control signals, 
45 each corresponding to a distinct channel, are then ad- 
vantageously stored in 1 25 distinct memory cells of a 
memory MLA belonging to the oscillator control device 
OCD of the calibration device CD. Each channel is fur- 
ther associated to a channel code. This channel code is 
50 provided by the channel controller DSP to an input CC1 
of OCD in order to select the appropriate memory cell 
in the memory MLA and to extract therefrom the control 
signal to be applied at the control output SC. An output 
signal with the correct frequency is then immediately 
55 provided at the output terminal VOUT of the voltage- 
controlled oscillator. 

[0053] The channel code is further also applied to 
control input CC2 of the feedback device FB. This feed- 
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back device FB comprises , between the feedback input 
CIN and the feedback output COUT, the cascade con- 
nection of a frequency divider DP, a phase/frequency 
detector FFD and a loop fitter LPF. The frequency divider 
DP has the input CIN at which it receives the output sig- 
nal VOUT at a frequency selected by the channel con- 
troller DSP DP further has the control input CC2 at 
which it received the channel code from the channel 
controller DSP As the feedback device FD internally al- 
ways operates at a same frequency this internal fre- 
quency is obtained in the frequency divider DP by divid- 
ing the frequency of the incoming signal at CIN by the 
channel code at the control input CC2. The resulting sig- 
nal is trcn provided to the phase/frequency detector 
FFD ot *D 

[0054] I he phasc/trequency detector FFD has control 
input FRF hi wnch it receives a reference frequency sig- 
nal, eg trom a crystal oscillator Xtal. The phase/fre- 
quency detector FFD generates a feedback control sig- 
nal that a function of d.ffc'cnce. in phase or in frequen- 
cy, between ihc frequency of the output signal of the fre- 
quency divider DP and tie reference frequency re- 
ceived at the control input FRF. This feedback control 
signal is applied to the loop fitter LPF of the feedback 
device FD rha: thorowith. provides the control voltage 
VCTRL at the foodback output COUT 
[0055] Owing to the memory ceils storing control sig- 
nals associated to the different possible output signals 
to be provided at the output terminal VOUT, the voltage- 
controlled oscillator will immediately reach a steady 
state, even when starting from a power-down status. 
[0056] The present voltage-controlled oscillator pref- 
erably also includes a learning algorithm module asso- 
ciated to the memory M LA of the oscillator control device 
OCD of the calibration device CD. For each channel or 
output frequency selected by the channel controller 
DSP, the learning algorithm module detects the control 
signal really applied to the control output SC of the os- 
cillator control device OCD. As mentioned above, this 
control signal is first extracted from a memory cell as- 
sociated to the channel code received from DSP, but 
may then be adjusted by the control signal VCTRL pro- 
vided by the feedback device FD. The purpose of the 
learning algorithm module is to update the contents of 
the memory cell with the control signal really applied to 
the control output SC. 

[0057] The learning algorithm module optimizes the 
speed for reaching the correct frequency, and thus the 
above steady state, when a particular channel or fre- 
quency is selected by the channel controller DSP. 
[0058] A final remark is that embodiments of the 
present invention are described above in terms of func- 
tional blocks. From the functional description of these 
blocks, given above, it will be apparent for a person 
skilled in the art of designing electronic devices how em- 
bodiments of these blocks can be manufactured with 
well-known electronic components. A detailed architec- 
ture of the contents of the functional blocks hence is not 



given. 

[0059] While the principles of the invention have been 
described above in connection with specific apparatus, 
it is to be clearly understood that this description is made 
5 only by way of example and not as a limitation on the 
scope of the invention, as defined in the appended 
claims. 



w Claims 

1. Voltage-controlled oscillator including an oscillator 
arrangement (OA: OSC, CV, L) with a control input 
(OIN), an output terminal (VOUT) and a variable ca- 

15 pacitor (CV), said oscillator arrangement being 
adapted to provide, at said output terminal, an out- 
put signal having a frequency that is a function of 
the value of said variable capacitor, said value being 
controlled by a control voltage (VCTRL) applied to 

20 said control input, 

characterized in that said voltage-controlled 
oscillator further includes a calibration device (CD: 
OCD, CPL, CPH) and a switchable capacitor ar- 
rangement (SCA: SW1 , XC1 ; SW2, XC2), 

25 

said calibration device comprising a compara- 
tor arrangement (CPL, CPH) coupled to an os- 
cillator control device (OCD) and 
said switchable capacitor arrangement com- 
30 prising a plurality of switches (SW1 , SW2) cou- 

pled to capacitors (XC1, XC2), 

in that said comparator arrangement (CPL, 
CPH) has a first input to which said control voltage 

35 (VCTRL) is applied, at least a second input to which 
a predetermined reference voltage (VTL, VTH) is 
applied, and an output connected to a level input 
(LO, HI) of said oscillator control device (OCD), 
in that said oscillator control device (OCD) 

40 has a control output (SC) coupled to switch control 
inputs of said switches (SW1 , SW2), said switches 
being adapted to connect and to disconnect at least 
one of said capacitors (XC1 , XC2) of said switcha- 
ble capacitor arrangement in parallel to said varia- 

45 ble capacitor (CV), 

and In that, in order to control said switches, 
said oscillator control device (OCD) is adapted to 
activate a control signal at said control output (SC) 
if a signal received at said level input (LO, HI) indi- 

so cates that said control voltage (VCTRL) has 
reached said predetermined reference voltage 
(VTL, VTH). 

2. Voltage-controlled oscillator according to claim 1, 
55 characterized in that said comparator arrange- 
ment (CPL, CPH) includes a first comparator (CPL) 
having a first input (-) to which said control voltage 
(VCTRL) is applied, a second input (+) to which a 
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predetermined low reference voltage (VTL) is ap- 
plied, and an output connected to a low level input 
(LO) of said oscillator control device (CCD). 

in that said comparator arrangement (CPL, 
CPH) further includes a second comparator (CPH) 5 
having a first input (+) to which said control voltage 
(VCTRL) is applied, a second input (-) to which a 
predetermined high reference voltage (VTH) is ap- 
plied, and an output connected to a high level input 
(HI) of said oscillator control device (OCD), *o 

in that the low level input (LO) and the high 
level input (HI) form together said level input (LO, 
HI) of said oscillator control device (OCD), 

and in that said oscillator control device 
(OCD) is adapted to control; via said control output « 
(SC), said switchable capacitor arrangement (SCA: 
SW1, XC1 ; SW2, XC2) to connect at least one of 
said capacitors (XC1 , XC2) in parallel to said vari- 
able capacitor (CV) if said control signal is activated 
via said low level input (LO), and to disconnect at 20 
least one of said capacitors (XC1 , XC2) from said 
variable capacitor (CV) if said control signal is acti- 
vated via said high level input (HI). 

3. Voltage-controlled oscillator according to claim 1, 25 
characterized in that said voltage-controlled oscil- 
latorf urther includes a feedback device (FB) having 
a feedback input (CIN) to which said output terminal 
(VOUT) is connected and a feedback output 
(COUT) at which said feedback device is adapted 30 
to provide said control voltage (VCTRL), 

in that said feedback device (FB) further has 
a feedback control input (CT2) to which a reset out- 
put (RES) of said oscillator control device (OCD) is 
connected, said oscillator control device being 35 
adapted to apply a reset pulse to said reset output 
when said control signal is activated, 

and in that said feedback device (FB) is 
adapted to provide, at said feedback output 
(COUT), said control voltage (VCTRL) as a function 40 
of the frequency of a signal at said feedback input 
(CIN) when no reset pulse is received from said os- 
cillator control device (OCD), and to provide said 
control voltage equal to a predetermined middle ref- 
erence voltage (VTM) when a reset pulse is re- 45 
ceived from said oscillator control device. 

4. Voltage-controlled oscillator according to theclaims 
2 and 3, characterized in that said predetermined 
middle reference voltage (VTM) has an intermedi- so 
ate value between said predetermined low refer- 
ence voltage (VTL) and said predetermined high 
reference voltage (VTH). 

5. Voltage-controlled oscillator according to daim 1 , 55 
characterized in that said voltage-controlled oscil- 
lator further includes a selection device (MX) having 

a first selection input to which said control voltage 



(VCTRL) is applied, a second selection input to 
which a predetermined middle reference voltage 
a/tm\ j £ applied, a selection output connected to 
the control input (OIN) of said oscillator arrange- 
ment (OA: OSC, CV, L), and a selection control in- 
put (CT1) to which a reset output (RES) of said os- 
cillator control device (OCD) is connected, said os- 
cillator control device being adapted to apply a reset 
pulse to said reset output when said control signal 
is activated, 

and in that said selection device (MX) is 
adapted to connect said first selection input to said 
selection output if no reset pulse is received at said 
selection control input (CT1), and to connect said 
second selection input to said selection output if 
said reset pulse is received. 

6. Voltage-controlled oscillator according to claim 1 , 
characterized in that said voltage-controlled oscil- 
lator further includes afeedback device (FB) having 
a feedback input (CIN) to which said output terminal 
(VOUT) is connected and a feedback output 
(COUT) at which said feedback device is adapted 
to provide said control voltage (VCTRL), 

in that said voltage-controlled oscillator is as- 
sociated with an external channel controller (DSP) 
adapted to control said output signal at said output 
terminal (VOUT) to have a frequency selected 
amongst a plurality of predetermined frequencies, 
in that said oscillator control device (OCD) in- 
cludes a memory arrangement (MLA) comprising a 
plurality of memory cells each storing a control sig- 
nal, said external channel controller (DSP) being 
adapted to control, via a memory control input 
(CC1) of said oscillator control device, said memory 
arrangement to provide, at said control output (SC), 
one of the control signals stored in said memory 
cells, 

and in that said feedback device (FB) in- 
cludes a frequency divider (DP) adapted to perform 
a division of the frequency of the output signal re- 
ceived at said feedback input (CIN) by a value pro- 
vided by said external channel controller (DSP) via 
a control terminal (CC2) of said feedback device 
(FB), said feedback device being adapted to pro- 
vide said control voltage (VCTRL) as a function of 
the result of said division. 

7. Voltage-controlled oscillator according to claim 6, 
characterized in that said feedback device (FB) 
further includes a phase/frequency detector (FFD) 
and a loop filter (LPF), 

in that said phase/frequency detector (FFD) 
is adapted to provide a feedback control signal as 
a function of the difference between a frequency re- 
sulting from said division performed by said fre- 
quency divider (DP) and a reference frequency re- 
ceived at a reference frequency input terminal 
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(FRF) of said feedback device, 

and in that said loop fitter (LPF) is adapted to 
provide said control voltage (VCTRL) as derived 
from said feedback control signal received from 
said phase/frequency detector (FFD). 

8. Voltage-controlled oscillator according to claim 6, 
characterized in that said oscillator control device 
(OCD) further includes a learning algorithm module 
adapted to update the control signals stored in said 
memory cells according to a selection signal re- 
ceived from said external channel controller (DSP). 

9. Method to adjust a control voltage (VCTRL) of a 
voltage-controlled oscillator wherein the frequency 
of an output signal (VOUT) is a function of said con- 
trol voltage, said method comprising the step of 
controlling the value of a variable capacitor (CV) of 
an oscillator arrangement (OA: OSC, CV, L) by 
means of said control voltage (VCTRL), 

characterized in that said method further 
comprises steps of 

comparing said control voltage (VCTRL) with a 
predetermined reference voltage (VTL, VTH), 
and 

controlling the coupling of at least one capacitor 
(XC1 , XC2) in parallel to said variable capacitor 
(CV) when said control voltage (VCTRL) reach- 
es said predetermined reference voltage (VTL, 
VTH). 

10. Method accordingto claim 9, characterized in that 
said method comprises steps of 

comparing said control voltage (VCTRL) with a 
predetermined low reference voltage (VTL) and 
with a predetermined high reference voltage 
(VTH), 

connecting at least one capacitor (XC1, XC2) 
in parallel to said variable capacitor (CV) if said 
control voltage (VCTRL) reaches said prede- 
termined low reference voltage (VTL), and 
disconnecting at least one capacitor (XC1 , 
XC2) from said variable capacitor (CV) if said 
control voltage (VCTRL) reaches said prede- 
termined high reference voltage (VTH). 

1 1 . Method according to claim 9, characterized in that 
said method further comprises a step of resetting 
said control voltage (VCTRL) to a predetermined 
middle reference voltage (VTM) when said prede- 
termined reference voltage (VTL, VTH) is reached. 

12. Method according to the claims 1 0 and 1 1 , charac- 
terized in that said predetermined middle refer- 
ence voltage (VTM) has an intermediate value be- 
tween said predetermined low reference voltage 



(VTL) and said predetermined high reference volt- 
age (VTH). 

13. Method according to claim 10, characterized in 
5 that the frequency of said output signal immediately 

after the coupling of said capacitor (XC1, XC2) is 
substantially equal to the frequency of said output 
signal immediately before the coupling of said ca- 
pacitor. 

10 

14. Method according to claim 9, characterized in that 
said voltage-controlled oscillator is associated with 
an external channel controller (DSP) controlling 
said output signal (VOUT) to have a frequency se- 

15 lected amongst a plurality of predetermined fre- 
quencies, 

and in that said method further comprises 
steps of 

20 - storing (MLA), for each of said predetermined 
frequencies, a control signal for controlling ca- 
pacitors (XC1, XC2) to be coupled in parallel 
with said variable capacitor (CV), and 
controlling the coupling of said capacitors by 
25 means of a stored control signal corresponding 

to the frequency selected by said external 
channel controller (DSP). 

15. Method according to claim 14, characterized in 
30 that said method further comprises a step of updat- 
ing a stored control signal when said output signal 
(VOUT) has the frequency selected by said external 
channel controller (DSP). 

35 16. Method according to claim 9, characterized in that 
said output signal (VOUT) is applied to a feedback 
device (FB) which derives said control voltage (VC- 
TRL) from the frequency of said output signal. 

40 17. Method according to the claims 14 and 16, charac- 
terized in that said method comprises steps of 

deriving said control voltage (VCTRL) from said 
output signal (VOUT) by dividing the frequency 
of said output signal by a value provided by said 
external, channel controller (DSP), 
comparing the frequency resulting from the di- 
vision with a reference frequency (Xtal), and 
generating said control voltage (VCTRL) as a 
result of the difference of the comparison. 
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